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(54) ARTICLE SORTING APPARATUS WITH POSITIONING DEVICE

(57)  Anarticle sorting apparatus (10) includes a con-
veyance path (11), a conveyor cell (12), a loading device
(14), a positioning device (15), a sorting unit and a control
device. The conveyor cell moves along the conveyance
path in a first conveyance direction (D1) and conveys an
article loaded thereon in a second conveyance direction
(D2) that intersects the first conveyance direction. The
loading device loads the article onto the conveyor cell.
The positioning device is located opposite the loading
device with respect to the conveyance path. The posi-
tioning device includes a contact member (80) and a driv-
ing unit (82). The driving unit drives the contact member
in the second conveyance direction and brings itinto con-
tact with the article loaded onto the conveyor cell. The
sorting unit receives the article conveyed by the conveyor
cell. The control device controls conveyance of the article
in the second conveyance direction. The control device
controls the driving unit of the positioning device.

(STATE 4)
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Description
FIELD

[0001] Anexemplary embodimentdescribed hereinre-
lates to an article sorting apparatus.

BACKGROUND

[0002] Conventionally, there are cross belt sorters that
convey a plurality of cells on a conveyance path, and
transfer articles in a direction orthogonal to a conveyance
direction using a belt mechanism that is provided in each
of the plurality of cells. Such a cross belt sorter conveys
the cells, in each of which an article is loaded on a belt
of the belt mechanism thereof. When a cell is adjacent
to a chute that corresponds to the sorting destination of
an article onthe cell, the belt of the cell is driven to transfer
the articles to chutes.

[0003] However, when loading an article from an injec-
tor onto the belt of a cell, there is the possibility that the
position and the orientation of the article on the belt be-
comes unstable, depending on the center of gravity of
the article, the shape of the bottom surface of the article,
and the material of the article. Also, if an article on the
belt topples or falls down from the belt, there is the pos-
sibility that the article is damaged. If the accuracy with
which an article is positioned on the belt degrades, an
additional function might be required in order to correct
the loading position of an article by driving the belt.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004]

FIG. 1 is a plan view schematically showing a con-
figuration of an article sorting apparatus according
to an embodiment.

FIG. 2 is a perspective view schematically showing
a configuration of a conveyor cell of the article sorting
apparatus according to the embodiment.

FIG. 3 is a cross-sectional view schematically show-
ing a configuration of a portion of a conveyor cell of
the article sorting apparatus according to the em-
bodiment.

FIG. 4 is a block diagram showing a portion of a
functional configuration of the article sorting appa-
ratus according to the embodiment.

FIG. 5 is a perspective view schematically showing
a configuration of a portion of a conveyor cell of the
article sorting apparatus according to the embodi-
ment.

FIG. 6 is a plan view schematically showing config-
urations of a loading device, a positioning device,
and some of the conveyor cells of the article sorting
apparatus according to the embodiment.

FIG. 7 is a cross-sectional view schematically show-
ing configurations of the loading device, the position-
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ing device, and a portion of the conveyor cell of the
article sorting apparatus according to the embodi-
ment.

FIG. 8 is a schematic diagram showing a contact
member of the positioning device of the article sort-
ing apparatus according to the embodiment viewed
along a second transfer direction.

FIG. 9 is a plan view schematically showing State 1
that arises along with an example of operation of the
article sorting apparatus according to the embodi-
ment.

FIG. 10 is a plan view schematically showing State
2 that arises along with the example of operation of
the article sorting apparatus according to the em-
bodiment.

FIG. 11 is a plan view schematically showing State
3 that arises along with the example of operation of
the article sorting apparatus according to the em-
bodiment.

FIG. 12 is a plan view schematically showing State
4 that arises along with the example of operation of
the article sorting apparatus according to the em-
bodiment.

FIG. 13 is a plan view schematically showing State
5 that arises along with the example of operation of
the article sorting apparatus according to the em-
bodiment.

FIG. 14 is a plan view schematically showing State
6 that arises along with the example of operation of
the article sorting apparatus according to the em-
bodiment.

FIG. 15 is a plan view schematically showing State
7 that arises along with the example of operation of
the article sorting apparatus according to the em-
bodiment.

FIG. 16 is a plan view schematically showing con-
figurations of a loading device, a positioning device,
and some of the conveyor cells of an article sorting
apparatus according to a first modification of the em-
bodiment.

FIG. 17 is a cross-sectional view schematically
showing configurations of the loading device, the po-
sitioning device, and a portion of the conveyor cell
of the article sorting apparatus according to the first
modification of the embodiment.

FIG. 18 is a plan view schematically showing con-
figurations of a loading device, a positioning device,
and some of the conveyor cells of an article sorting
apparatus according to a second modification of the
embodiment.

FIG. 19 is a cross-sectional view schematically
showing configurations of the loading device, the po-
sitioning device, and a portion of the conveyor cell
of the article sorting apparatus according to the sec-
ond modification of the embodiment.
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DETAILED DESCRIPTION

[0005] An article sorting apparatus according toan em-
bodiment includes a conveyance path, a conveyor cell,
aloading device, a positioning device, a sorting unit, and
a control device. The conveyor cell moves along the con-
veyance path in a first conveyance direction. The con-
veyor cell conveys an article loaded thereon in a second
conveyance direction that intersects the first conveyance
direction. The loading device loads the article onto the
conveyor cell. The positioning device is located opposite
the loading device with respect to the conveyance path.
The positioning device includes a contact member and
adriving unit. The contact member is broughtinto contact
with the article loaded onto the conveyor cell by the load-
ing device. A contact portion of the contact member,
which is in contact with the article, moves in synchroni-
zation with the movement of the article in the first con-
veyance direction. The driving unit drives the contact
member in the second conveyance direction. The sorting
unit receives the article conveyed by the conveyor cell.
The control device controls conveyance of the article in
the second conveyance direction by the conveyor cell
when the loading device has loaded the article onto the
conveyor cell. The control device brings the contact
member into contact with the article loaded onto the con-
veyor cell by driving the contact member in the second
conveyance direction, using the driving unit.

[0006] The article sorting apparatus according to the
embodiment is capable of stabilizing the position and the
orientation of an article when the article is loaded onto a
conveyor cell.

[0007] The following describes an article sorting appa-
ratus according to an embodiment with reference to the
drawings.

[0008] AsshowninFIG. 1, an article sorting apparatus
10 according to an embodiment is provided with: a con-
veyance path 11; conveyor cells 12; information obtain-
ing units 13; a loading device 14, positioning devices 15,
and a sorting unit 16, which are arranged along the con-
veyance path 11; and a main control device 17.

[0009] The conveyance path 11 is formed as a circu-
lation (cyclic) route that guides each of the plurality of
conveyor cells 12. The conveyance path 11 guides the
conveyor cells 12 to the loading device 14, to the corre-
sponding positioning devices 15, to the corresponding
information obtaining unit 13, and to the sorting unit 16,
sequentially, in a first conveyance direction D1 (i.e.,
counterclockwise conveyance direction shownin FIG. 1)
along the circulation (cyclic) route.

[0010] As shown in FIGS. 2 and 3, the conveyance
path 11 is provided with guide walls 20 (e.g., a first guide
wall 20a and a second guide wall 20b) that are brought
into contact with guide rollers 52 of the conveyor cells
12, which will be described later, and that thus guide the
guide rollers 52.

[0011] The conveyance path 11 and the plurality of
conveyor cells 12 are provided with a linear synchronous
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motor 31 that drives the conveyor cells 12 along the con-
veyance path 11. The linear synchronous motor 31 is
provided with, for example, an electromagnetic coil 32
thatis provided along the entire length of the conveyance
path 11 and that serves as a stator, and a permanent
magnet array 33 that is provided in the plurality of con-
veyor cells 12 and that serves as a mover. In the linear
synchronous motor 31, the permanent magnet array 33
generates driving force (conveying force) in the first con-
veyance direction D1, using electric current flowing
through the electromagnetic coil 32. The state of electric
current flowing through the electromagnetic coil 32 is
controlled by the main control device 17, and thus the
linear synchronous motor 31 conveys the conveyor cells
12 at any desired speed and acceleration by using con-
veying force acting on the permanent magnet array 33.
[0012] The conveyance path 11 and the plurality of
conveyor cells 12 are provided with a contactless power
feeder unit 34 that feeds power from the conveyance
path 11 to the corresponding conveyor cell 12. The con-
tactless power feeder unit 34 is provided with, for exam-
ple, a primary coil 35 that is provided along the entire
length of the conveyance path 11, and a secondary coil
36 that is provided in the corresponding conveyor cell
12. The contactless power feeder unit 34 feeds power
from the conveyance path 11 to the corresponding con-
veyor cell 12 by electromagnetic induction between the
primary coil 35 and the secondary coil 36.

[0013] The plurality of conveyor cells 12 that move
alongthe conveyance path 11 are arrangedin aline along
the first conveyance direction D1. Conveyor cells 12 that
are adjacent to each other may be coupled to each other,
for example.

[0014] Asshownin FIG. 2, each of the plurality of con-
veyor cells 12 is provided with: a chassis portion 41; a
cross beltmechanism 42; and a frame portion 43 to which
the chassis portion 41 and the cross belt mechanism 42
are fixed. As shown in FIG. 3, each of the plurality of
conveyor cells 12 is also provided with: a battery 44; a
cell communication unit 46; a cell control unit 47; and a
storage unit 48.

[0015] AsshowninFIG. 2 and FIG. 3, the chassis por-
tion 41 is provided with: a chassis 51 serving as a base
for the entire conveyor cell 12; two guide rollers 52 that
are supported by the chassis 51; and coupling mecha-
nisms 53.

[0016] Inthe chassis 51, the permanent magnet array
33 of the linear synchronous motor 31, for example, is
fixed to a lower surface 51A of the chassis 51 that faces
a bottom surface 11A of the conveyance path 11. Thus,
the permanent magnet array 33 faces the electromag-
netic coil 32 that is provided on the bottom surface 11 A
of the conveyance path 11.

[0017] In the chassis 51, the secondary coil 36 of the
contactless power feeder unit 34, for example, is fixed to
a side surface 51B of the chassis 51 that faces an inner
wall surface 11B of the conveyance path 11. Thus, the
secondary coil 36 faces the primary coil 35 that is pro-
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vided on the inner wall surface 11B of the conveyance
path 11.

[0018] Each of the two guide rollers 52 is provided with
arotation shaft (not shown) that is supported by the chas-
sis 51. When the conveyor cell 12 is conveyed along the
conveyance path 11, each of the guide rollers 52 rotates
about their rotation shaft while being brought into contact
with the guide wall 20 (i.e., the first guide wall 20a and
the second guide wall 20b) of the conveyance path 11.
Thus, the guide rollers 52 guide the conveyor cell 12
along the guide walls 20 of the conveyance path 11.
[0019] The coupling mechanisms 53 are respectively
fixed to a front portion and a rear portion of the chassis
51. The coupling mechanisms 53 of the conveyor cells
12 are coupled to the connection mechanisms 53 of ad-
jacent conveyor cells 12 that are located on the front side
or the rear side of the conveyor cell 12 in the first con-
veyance direction D1 such that the coupling mechanisms
53 of the conveyor cells 12 are rotatable about at least
a vertical rotation shaft (not shown). Thus, a conveyor
cell 12 and an adjacent conveyor cell 12 that is located
on the front side or the rear side of the conveyor cell 12
in the first conveyance direction D1 are coupled to each
other by their coupling mechanisms 53 without obstruct-
ing each other’s operation.

[0020] As shown in FIG. 2, the cross belt mechanism
42 is fixed to the chassis portion 41 by the frame portion
43 that is made of metal, for example. The cross belt
mechanism 42 conveys an article P loaded thereon in a
second conveyance direction D2 (e.g., a first transfer di-
rection D2A or a second transfer direction D2B that are
opposite to each other) that is orthogonal to the first con-
veyance direction D1. The first transfer direction D2A is,
for example, the rightward direction from the conveyor
cell 12 as viewed in the first conveyance direction D1.
The second transfer direction D2B is, for example, the
leftward direction from the conveyor cell 12 as viewed in
the first conveyance direction D1.

[0021] The cross belt mechanism 42 is provided with:
a cross belt 61; a driving roller 62; a driven roller 63; a
belt support board 64; a motor-side toothed pulley 65; a
roller-side toothed pulley 66; a timing belt 67; and a motor
68. As shown in FIG. 4, the cross belt mechanism 42 is
also provided with a current sensor 69.

[0022] The cross belt 61 is a tubular endless belt
formed of aflat belt, forexample. The surface of the cross
belt 61 is coated with synthetic resin such as polyvinyl
chloride, polyurethane, or synthetic rubber, for example.
As shownin FIG. 2, the cross belt 61 is stretched between
the driving roller 62 and the driven roller 63. The cross
belt 61 is rotated by rotational driving force of the driving
roller 62, thereby rotating the driven roller 63. The driving
roller 62 and the driven roller 63 are arranged parallel to
each other, with a predetermined distance therebetween
in the left-right direction (i.e., in the first transfer direction
D2A and in the second transfer direction D2B) of the con-
veyor cell 12 when viewed in the first conveyance direc-
tion D1.
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[0023] AsshowninFIG.2andFIG.5, anuppersurface
out of an outer surface 61A of the cross belt 61, whose
normal extends in a vertically upward direction, is formed
as a load surface A on which an article P is to be placed.
The belt support board 64 supports a portion of an inner
surface 61B of the cross belt 61, namely the portion on
the back side of the load surface A. Thus, the belt support
board 64 acts against the weight of the cross belt 61 and
the weight of the article P placed on the load surface A,
and prevents the cross belt 61 from warping.

[0024] The driving roller 62 and the driven roller 63
each have a rotation shaft (not shown) that is supported
by the frame portion 43. The respective rotation shafts
of the driving roller 62 and the driven roller 63 are ar-
ranged parallel to each other in the front-rear direction
(i.e., in the first conveyance direction D1), with a prede-
termined distance therebetween in the left-right direction
(i.e., in the first transfer direction D2A and in the second
transfer direction D2B) of the conveyor cell 12.

[0025] The motor-side toothed pulley 65 is coaxially
connected to the motor 68. The roller-side toothed pulley
66 is coaxially connected to the driving roller 62. The
timing belt 67 is a toothed endless belt that is engaged
with the motor-side toothed pulley 65 and the roller-side
toothed pulley 66. The timing belt 67 is stretched between
the motor-side toothed pulley 65 and the roller-side
toothed pulley 66. The timing belt 67 is rotated by rota-
tional driving force of the motor-side toothed pulley 65,
thereby rotating the roller-side toothed pulley 66.
[0026] The motor 68 is a DC motor, a brushless motor,
or the like that is controlled by the cell control unit 47.
The motor 68 is coaxially connected to the motor-side
toothed pulley 65. The motor 68 produces rotational driv-
ing force using power that is fed from the contactless
power feeder unit 34, and thus rotates the motor-side
toothed pulley 65. The timing belt 67 transmits the rota-
tion of the motor-side toothed pulley 65 to the roller-side
toothed pulley 66. The roller-side toothed pulley 66 ro-
tates the driving roller 62. The driving roller 62 transmits
the rotation to the cross belt 61 and the driven roller 63.
Thus, the cross belt 61 is driven in the left-right direction
of the corresponding conveyor cell 12, thereby transfer-
ring the article P, which is placed on the load surface A,
in the first transfer direction D2A and the second transfer
direction D2B.

[0027] As shown in FIG. 4, the current sensor 69 de-
tects electric current flowing through the motor 68. For
example, the current sensor 69 detects regenerative cur-
rent flowing through the motor 68 during deceleration of
the motor 68.

[0028] As shown in FIG. 3, the battery 44 is provided
in the chassis portion 41. The battery 44 stores power
thatis fed from the contactless power feeder unit 34. The
battery 44 feeds power at least to the cell communication
unit 46 and the cell control unit 47.

[0029] The cell communication unit 46 is provided in
the chassis portion 41. The cell communication unit 46
transmits and receives various kinds of information using
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contactless communication (e.g., infrared communica-
tion, wireless communication, or the like) between the
main control device 17 and the cell control unit 47. The
cell communication unit 46 communicates with a com-
munication unit 17a connected to the main control device
17. The cell communication unit 46 operates using power
fed from the battery 44.

[0030] The cell control unit 47 is, for example, a PLC
(programmabile logic controller), a control board, or the
like. The cell control unit 47 is fixed to the chassis portion
41. The cell control unit 47 operates using power fed from
the battery 44. The cell control unit 47 controls the driving
of the motor 68 according to a control instruction that is
output from the main control device 17.

[0031] The storage unit 48 is fixed to the chassis por-
tion 41. The storage unit 48 stores various kinds of data.
For example, the storage unit 48 stores driving pattern
data that is used by the cell control unit 47 when control-
ling the driving of the motor 68.

[0032] The information obtaining unit 13 is provided
with, for example, an optical character recognition (OCR)
device, a code reading device that reads a one-dimen-
sional code, a two-dimensional code, or the like, or an
RF reader that communicates with an IC tag that is at-
tached to or built into the article P. The information ob-
taining unit 13 is located at a position that is upstream of
the loading device 14, for example. The information ob-
taining unit 13 obtains information that has been attached
to each article P that is to be transported to the loading
device 14, and transmits the information thus obtained
to the main control device 17. The information attached
to each article P includes, for example, a classification
destination (a sorting destination) and the weight of the
article P.

[0033] AsshowninFIG. 1 and FIG. 6, the loading de-
vice 14 loads articles P onto the plurality of conveyor cells
12. The loading device 14 is, for example, located on an
outer side of the conveyance path 11. That is to say, if
the first conveyance direction D1 is a counterclockwise
conveyance direction, the loading device 14 is located
ontherightside of the conveyance path 11 (the firsttrans-
fer direction D2Aside of the conveyor cells 12) when
viewed in the first conveyance direction D1.

[0034] The loading device 14 is provided with at least
one injector 71 (e.g. a plurality of injectors 71). Each of
the injectors 71 is provided with: a first conveyance por-
tion 72 and a second conveyance portion 73 that are
arranged along a transfer direction ID that intersects the
first conveyance direction D1 of the conveyance path 11
at a predetermined acute angle.

[0035] Thefirstconveyance portion72is provided with:
a first loading belt 72a that is driven in the transfer direc-
tion ID; and a first driving roller 72b and a first driven roller
72c between which the first loading belt 72a is stretched.
The first driving roller 72b and the first driven roller 72c
are arranged parallel to each other, with a predetermined
distance left therebetween in the transfer direction ID.
The first loading belt 72a is rotated by rotational driving
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force of the first driving roller 72b, thereby rotating the
first driven roller 72c.

[0036] The second conveyance portion 73 is provided
with a plurality of second loading belts 73a that are driven
in the transfer direction ID. Each of the second loading
belts 73a is formed such that the width thereof (the belt
width in a direction orthogonal to the transfer direction
ID) is smaller than the width of the first loading belt 72a.
The plurality of second loading belts 73a are arranged
at predetermined intervals in the width direction (i.e., the
direction orthogonal to the transfer direction ID). Each of
the second loading belts 73ais stretched between a sec-
ond driving roller 73b and a second driven roller 73c that
are arranged parallel to each other with a predetermined
distance therebetween in the transfer direction ID. The
second loading belts 73a are rotated by rotational driving
force of the second driving roller 73b, thereby rotating
the second driven roller 73c.

[0037] Thus, the injectors 71 sequentially transfer ar-
ticles P in the transfer direction ID, which intersects the
first conveyance direction D1 of the conveyance path 11
at a predetermined acute angle, from the first convey-
ance portion 72 and the second conveyance portion 73
to the desired conveyor cell 12.

[0038] Each injector 71 is provided with a plurality of
optical sensors that are provided for the first conveyance
portion 72 and the second conveyance portion 73. For
example, the plurality of optical sensors are: afirst optical
sensor 74a, a second optical sensor 74b, and a third
optical sensor 74c, which are provided for the first con-
veyance portion 72; and a fourth optical sensor 74d,
which is provided for the second conveyance portion 73.
[0039] The first optical sensor 74a, the second optical
sensor 74b, and the third optical sensor 74c are each
provided with a light emitting portion and a light receiving
portion that are arranged to face each other with the
space above the first conveyance portion 72 therebe-
tween. The light emitting portion and the light receiving
portion of the first optical sensor 74a are a first light emit-
ting portion 74a1 and a first light receiving portion 74a2,
respectively. The light emitting portion and the light re-
ceiving portion of the second optical sensor 74b are a
second light emitting portion 74b1 and a second light
receiving portion 74b2, respectively. The light emitting
portion and the light receiving portion of the third optical
sensor 74c are a third light emitting portion 74c1 and a
third light receiving portion 74c2, respectively. The first
optical sensor 74a, the second optical sensor 74b, and
the third optical sensor 74c are sequentially arranged
along the transfer direction ID at predetermined intervals.
[0040] The fourth optical sensor 74d is provided with
a light emitting portion and a light receiving portion that
are arranged to face each other with the space above
the second conveyance portion 73 therebetween. The
light emitting portion and the light receiving portion of the
fourth optical sensor 74d are a fourth light emitting portion
74d1 and a fourth light receiving portion 74d2, respec-
tively. The fourth optical sensor 74d is located near a
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front end portion (a downstream end portion) of the sec-
ond conveyance portion 73, for example.

[0041] In each of the optical sensors 74a, 74b, 74c,
and 74d, irradiation light output from the light emitting
portion is received by the light receiving portion when no
article P is present in the optical axis. The optical sensors
74a, 74b, 74c, and 74d output an ON signal when an
article P is present in the optical axis of irradiation light
output from the light emitting portion thereof, and the ar-
ticle P interrupts the receipt of the irradiation light by the
light receiving portion thereof. The optical sensors 74a,
74b, 74c, and 74d output an OFF signal when no article
P is present in the optical axis of irradiation light output
from the light emitting portion thereof, and the irradiation
lightis continuously received by the light receiving portion
thereof.

[0042] The positioning devices 15 are located opposite
the loading device 14 with respect to the conveyance
path 11. The positioning devices 15 face a front end por-
tion of the second conveyance portions 73 of the injectors
71.As showninFIGS. 6, 7, and 8, the positioning devices
15 are provided with: a contact member 80; a linkage
mechanism 81 on which the contact member 80 is pro-
vided; and a driving unit 82 that drives the linkage mech-
anism 81.

[0043] The contact member 80 is provided with at least
one contact roller. At least one contact roller means, for
example, a plurality of contract rollers composed of a pair
of first contact rollers 80a, a pair of second contactrollers
80b, and a pair of third contact rollers 80c. The pairs of
contact rollers 80a, 80b, and 80c are respectively pro-
vided on both end portions of a rotation shaft 83a, both
end portions of a rotation shaft 83b, and both end portions
of a rotation shaft 83c. The rotation shafts 83a, 83b, and
83c extend in the vertical direction. The rotation shafts
83a, 83b, and 83c are individually and rotatably support-
ed by the linkage mechanism 81. Each of the contact
rollers 80a, 80b, and 80c is rotated by frictional force that
is generated between the contact roller and an article P
when the contact roller is brought into contact with the
article P moving in the first conveyance direction D1, for
example. An area of each of the contact rollers 80a, 80b,
and 80c that is in contact with the article P thus moves
in synchronization with the article P moving in the first
conveyance direction D1.

[0044] The linkage mechanism 81 is provided with: a
driving link (a first link) 81 a; a driven link (second link)
81b; a contact link (third link) 81c; and a main body frame
(fourth link) 81d, which constitute parallel links, for ex-
ample.

[0045] The driving link 81a has a straight rod shape,
for example. A first end portion 81a1 of the driving link
81a is provided with a rotation shaft 84a that is rotatably
supported by the main body frame 81d. The rotation shaft
84a constitutes a first fixed joint that supports the driving
link 81a such that the driving link 81a is rotatable relative
to the main body frame 81 d. A second end portion 81a2
of the driving link 81a is rotatably connected to a first end
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portion 81c1 of the contact link 81c by the rotation shaft
83a of the first contact roller 80a. The rotation shaft 83a
of the first contact roller 80a constitutes a first movable
joint that supports the driving link 81a and the contact
link 81¢ such that the driving link 81a and the contact link
81c are rotatable relative to each other.

[0046] The driven link 81b has a straight rod shape,
for example. The length of the driven link 81b is the same
as the length of the driving link 81a. A first end portion
81b1 of the driven link 81b is provided with a rotation
shaft 84b that is rotatably supported by the main body
frame 81 d. The rotation shaft 84b constitutes a second
fixed joint that supports the driven link 81b such that the
drivenlink 81b is rotatable relative to the main body frame
81 d. A second end portion 81b2 of the driven link 81b
is rotatably connected to a second end portion 81c2 of
the contact link 81c by the rotation shaft 83c of the third
contact roller 80c. The rotation shaft 83c of the third con-
tact roller 80c constitutes a second movable joint that
supports the driven link 81b and the contact link 81c such
that the driven link 81b and the contact link 81c are ro-
tatable relative to each other.

[0047] The rotation shaft 84a of the driving link 81a in
the first fixed joint and the rotation shaft 84b of the driven
link 81b in the second fixed joint are located in parallel
to the first conveyance direction D1 in the main body
frame 81d.

[0048] The contact link 81c has a straight rod shape,
for example. The contact link 81c is located in parallel to
the first conveyance direction D1. The contact link 81¢c
rotatably supports the respective rotation shafts 83a,
83b, and 83c of the contact rollers 80a, 80b, and 80c.
The contact link 81c supports the first contact roller 80a,
the second contact roller 80b, and the third contact roller
80c such that the outer peripheries of the contact rollers
80a, 80b, and 80c have the same tangent line that is
parallel to the first conveyance direction D1. The contact
link 81c moves in the second conveyance direction D2
along with the rotation of the driving link 81 a, while being
maintained in parallel to the first conveyance direction
D1. The contact link 81c moves the contact rollers 80a,
80b, and 80c in the second conveyance direction D2
while maintaining the common tangent line of the outer
peripheries of the contact rollers 80a, 80b, and 80c in
parallel to the first conveyance direction D1.

[0049] The shape and the size of the contact member
80 and the linkage mechanism 81 are determined such
that, at least when a desired conveyor cell 12 faces the
front end portion (the downstream end portion) of the
injector 71, the contact member 80 and the linkage mech-
anism 81 are not brought into contact with articles P that
are loaded on the conveyor cell 12 that is located up-
stream of and adjacent to the desired conveyor cell 12
and on the conveyor cell 12 that is located downstream
of and adjacent to the desired conveyor cell 12. The po-
sitions of the contact rollers 80a, 80b, and 80c of the
contact member 80 and the positions of the driving link
81a, the driven link 81b, and the contact link 81c of the
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linkage mechanism 81, with respect to the vertical direc-
tion, are set to be higher than the load surface A of the
cross belt 61 of each conveyor cell 12. The positions of
the contactrollers 80a, 80b, and 80c of the contact mem-
ber 80, with respect to the vertical direction, are set such
that the contact rollers 80a, 80b, and 80c are brought
into contact with a side surface of an article P loaded
onto the cross belt 61 of each conveyor cell 12.

[0050] The driving unit 82 is located in the main body
frame 81d. The driving unit 82 is provided with an actuator
82aof arotation type, such as a servo motor, forexample.
The driving unit 82 is connected to the rotation shaft 84a
of the driving link 81a. The driving unit 82 rotates the
driving link 81a about the rotation shaft 84a in a first ro-
tation direction DR1 or a second rotation direction DR2.
[0051] The sorting unit 16 receives an article P dis-
charged from each of the plurality of conveyor cells 12.
As shown in FIG. 1, the sorting unit 16 is provided with
a plurality of chutes 91 for different classification desti-
nations. The plurality of chutes 91 are arranged along
the first conveyance direction D1 of the conveyance path
11. For example, the sorting unit 16 is provided with the
plurality of chutes 91 on the inner side and the outer side
of the conveyance path 11, that is, on the right side and
the left side of the conveyance path 11 when viewed in
the first conveyance direction D1.

[0052] The main control device 17 performs overall
control of the article sorting apparatus 10.

[0053] The main control device 17 controls the state
of electric current flowing through the electromagnetic
coil 32 of the linear synchronous motor 31, thereby con-
trolling acceleration, deceleration, stop (emergency stop
etc.), and the like of the conveyor cells 12. The main
control device 17 manages information regarding the ar-
ticle P (e.g., the classification destination (the sorting des-
tination), the weight, and the like of the article P) obtained
by the information obtaining unit 13, and various kinds
of information detected by the plurality of optical sensors,
such as the passage timing of the article P. The main
control device 17 obtains, for example, an ON period
from the switching from the OFF signal to the ON signal
to the switching from the ON signal to the OFF signal in
each of the optical sensors 74a, 74b, 74c, and 74d of the
injectors 71. The main control device 17 detects the
length of an article P based on the ON period thus ob-
tained and an already-known transfer speed of articles
P on the injectors 71. The length of an article P is, for
example, a length in the second conveyance direction
D2. Note that information regarding the length of an ar-
ticle P may be attached to the article P, and may be ob-
tained by the information obtaining unit 13.

[0054] The main control device 17 communicates with
the loading device 14, the positioning devices 15, the
information obtaining units 13, and the sorting unit 16 by
performing wired or wireless communication, and trans-
mits and receives various kinds of information. The main
control device 17 controls the operations of the loading
device 14, the positioning devices 15, the information
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obtaining units 13, and the sorting unit 16 by transmitting
control instructions thereto. The main control device 17
transmits and receives various kinds of information by
performing contactless communication with the cell con-
trol unit 47 of each of the plurality of conveyor cells 12.
The main control device 17 transmits, to each cell control
unit 47, a control instruction indicating the control oper-
ation to be performed by the cell control unit 47.

[0055] The main control device 17 synchronizes the
operation of the motor 68 of the conveyor cells 12 per-
formed to control the acceleration/deceleration driving
and stopping of the cross belt 61, with the operation of
the injectors 71 performed to transfer an article P, so that
the articles P are delivered from the injectors 71 of the
loading device 14 to the corresponding conveyor cells
12. The main control device 17 transmits, to the cell con-
trol unit 47 of each conveyor cell 12, a control instruction
that specifies the timing at which the motor 68 of the
conveyor cell 12 performs acceleration/deceleration driv-
ing of the cross belt 61 and stops the cross belt 61.
[0056] The cell control unit 47 of each conveyor cell 12
controls the acceleration/deceleration driving and stop-
ping of the motor 68 according to the timing specified by
the main control device 17, thereby controlling the cross
belt 61 so that the cross belt 61 receives and holds the
article P. Thus, the loading device 14 transfers articles
P onto the load surfaces A of the conveyor cells 12 from
the injectors 71.

[0057] If control pattern data for the motor 68 is stored
in the storage unit 48 in advance, the cell control unit 47
of each conveyor cell 12 controls the motor 68 by using
the control pattern data stored in the storage unit 48.
[0058] The main control device 17 controls the driving
unit 82 of the positioning device 15 in synchronization
with the control of the motor 68 of each conveyor cell 12.
The main control device 17 controls positional adjust-
ment performed by the positioning device 15 to adjust
the position of an article P on a conveyor cell 12. The
main control device 17 rotates the driving link 81a about
the rotation shaft 84a using the driving unit 82, thereby
driving the contact member 80, which is provided on the
contact link 81c, in the second conveyance direction D2.
The main control device 17 drives the contact member
80 in the second conveyance direction D2, thereby bring-
ing the contact rollers 80a, 80b, and 80c of the contact
member 80 into contact with an article P loaded onto a
conveyor cell 12 by the loading device 14. The main con-
trol device 17 controls the driving unit 82 based on infor-
mation such as the length of an article P in the second
conveyance direction D2, which is transmitted from the
main control device 17, the passage timing of the article
P detected by the optical sensors 74a, 74b, 74c, and 74d.
The main control device 17 controls the driving unit 82
so that the contactrollers 80a, 80b, and 80c of the contact
member 80 are brought into contact with an article P, and
supports the article P stopping at a given position on the
load surface A of a conveyor cell 12. The main control
device 17 stores predetermined data in advance, the data
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showing the relationship between the rotation angle by
which the driving unit 82 rotates the driving link 81a, and
the amount of movement of the contact link 81c in the
second conveyance direction D2, for example. The main
control device 17 controls the rotation angle by which the
driving unit 82 rotates the driving link 81 a, based on the
stored predetermined data, the length of the article P in
the second conveyance direction D2, and the state of the
article P to be transferred by the motor 68 of the conveyor
cell 12, thereby controlling the stopping position of the
article P that has been brought into contact with the con-
tact member 80, so that the article P is stopped at the
desired position.

[0059] The main control device 17 obtains information
regarding the article P, which has been loaded onto the
load surface A of the conveyor cell 12 by the loading
device 14, from the information obtaining unit 13. The
main control device 17 determines the classification des-
tination of the article P according to the information re-
garding the article P received from the information ob-
taining unit 13, and selects a chute 91 that corresponds
to the determined classification destination from among
the plurality of chutes 91 of the sorting unit 16. The main
control device 17 sets the timing at which the motor 68
of the corresponding conveyor cell 12 drives the cross
belt 61 (i.e., the timing at which the article P is thrown
into the selected chute 91) so that the article P is thrown
into the selected chute 91 from the conveyor cell 12. The
main control device 17 transmits, to the cell control unit
47 of the corresponding conveyor cell 12, a control in-
struction that specifies the timing at which the motor 68
of the conveyor cell 12 drives the cross belt 61.

[0060] The cell control unit 47 of the corresponding
conveyor cell 12 controls the driving of the motor 68 ac-
cording to the timing specified by the main control device
17, thereby controlling the cross belt 61 so that the cross
belt 61 throws the article P into or onto the chutes 91.
Thus, the sorting unit 16 sorts the articles P according to
the classification destinations corresponding to the infor-
mation regarding the articles P on the conveyor cells 12.
If control pattern data used by the motor 68 when per-
forming an operation to send out an article P is stored in
the storage unit 48 in advance, the cell control unit 47 of
each conveyor cell 12 controls the motor 68 by using the
control pattern data stored in the storage unit 48.
[0061] The following describes the operations of the
article sorting apparatus 10 according to the above-de-
scribed embodiment.

[0062] The following describes time-series operations
performed when, for example, an article Pa is loaded
onto one empty conveyor cell 12a from among the plu-
rality of conveyor cells 12 that circulate along the con-
veyance path 11 shown in FIG. 1, with reference to FIGS.
9to 15. Empty conveyor cells 12 other than the conveyor
cell 12a described below perform the same operation as
the conveyor cell 12a.

[0063] In the following description, it is assumed that
the conveyor cells 12 move along the conveyance path
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11 at a constant conveyance speed V (e.g., a predeter-
mined speed within a range of approximately 2.0 m/s to
approximately 4.0 m/s). The articles P to be loaded onto
the conveyor cells 12 are classified to respective chutes
91 of the sorting unit 16.

[0064] When an empty conveyor cell 12a on which no
article P is loaded enters the loading device 14, the main
controldevice 17 instructs the loading device 14 to deliver
the article Pa to the conveyor cell 12a. The main control
device 17 instructs the cell control unit47 of that conveyor
cell 12a to control the driving of the cross belt 61 using
the motor 68 in synchronization with the transfer of the
article Pa by the corresponding injector 71 of the loading
device 14. The main control device 17 instructs the cell
control unit 47 to draw the article Pa from the injector 71
onto the load surface A of the cross belt 61, and to stop
the cross belt 61 onto which the article Pa has been load-
ed. The main control device 17 instructs the positioning
device 15 to support the stopping of the article Pa loaded
onto the load surface A of the cross belt 61, in synchro-
nization with the control of the driving of the cross belt 61.
[0065] Information attached to the article Pa to be
transported to the loading device 14 has been obtained
by the information obtaining unit 13 in advance. Based
on various kinds of information obtained by the informa-
tion obtaining unit 13, the main control device 17 controls
the loading device 14, the positioning device 15, and the
sorting unit 16 handling the article Pa.

[0066] The main controldevice 17 recognizes the pres-
ence of the article Pa on one of the injectors 71 of the
loading device 14 by detecting that the output from the
first optical sensor 74a switches from the OFF signal to
the ON signal, for example. When the empty conveyor
cell 12a enters the loading device 14 in a situation where
the article Pa is present on the injector 71, the main con-
trol device 17 instructs the injector 71 to start driving
(State 1 shown in FIG. 9).

[0067] The firstloading belt 72a of the first conveyance
portion 72 is accelerated in the transfer direction ID by
the rotational driving force of the first driving roller 72b
that has started driving according to the control instruc-
tion from the main control device 17. The main control
device 17 accelerates the first loading belt 72a such that
the transfer speed of the article Pa reaches a predeter-
mined loading speed VI no later than when the article Pa
transferred by the first loading belt 72a in the transfer
direction ID is detected by the second optical sensor 74b.
Upon the transfer speed of the article Pa reaching the
predetermined loading speed VI, the main control device
17 rotates the first loading belt 72a at a constant speed
in order to maintain the transfer speed of the article Pa
at the loading speed VI (State 2 shown in FIG. 10).
[0068] The predetermined loading speed VI is the
speed at which the magnitude of the component of the
loading speed VI in the first conveyance direction D1 is
substantially equal to the conveyance speed V of the
conveyor cell 12 in the first conveyance direction D1. The
main control device 17 determines whether or not the
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transfer speed of the article Pa is substantially equal to
the predetermined loading speed VI, based on the timing
at which the second optical sensor 74b and the third op-
tical sensor 74c detects the article Pa, for example. The
main control device 17 obtains the amount of time (pas-
sage time) elapsed from when the output from the second
optical sensor 74b switches from the OFF signal to the
ON signal to when the output from the third optical sensor
74c switches from the OFF signal to the ON signal. The
passage time is the amount of time required for the article
Pa to pass from the optical axis of the second optical
sensor 74b to the optical axis of the third optical sensor
74c. The main control device 17 calculates the transfer
speed of the article Pa by using the passage time thus
obtained and the already-known distance between the
optical axes of the second optical sensor 74b and the
third optical sensor 74c, and determines whether or not
the transfer speed thus calculated is within a predeter-
mined error range of the loading speed VI.

[0069] If the main control device 17 determines that
the transfer speed of the article Pa is substantially equal
to the loading speed VI, the main control device 17 de-
termines whether or not the transfer of the article Pa by
the injector 71 and the movement of the empty conveyor
cell 12a along the conveyance path 11 are in synchroni-
zation. For example, the main control device 17 deter-
mines whether or not the empty conveyor cell 12a is lo-
cated at a predetermined position on the conveyance
path 11 when the article Pa is detected by the third optical
sensor 74c, for example. The predetermined position on
the conveyance path 11 is the position at which the empty
conveyor cell 12a needs to be located in order for the
empty conveyor cell 12a at the conveyance speed V to
reach the position that faces the front end portion of the
injector 71 when the article Pa at the loading speed VI
reaches the front end portion (the downstream end por-
tion) of the injector 71. The main control device 17 may
obtain the positional information of the empty conveyor
cell 12a on the conveyance path 11 by using various
kinds of sensors such as a camera provided on the con-
veyance path 11. The main control device 17 may obtain
the positional information of the empty conveyor cell 12a
on the conveyance path 11 based on, for example,
prestored data regarding the movement of the plurality
of conveyor cells 12 and data of the history of operations
performed to control the loading device 14 and the sorting
unit 16.

[0070] If the transfer speed of the article Pa is not sub-
stantially equal to the loading speed VI, or if the transfer
of the article Pa by the injector 71 and the movement of
the empty conveyor cell 12a along the conveyance path
11 are notin synchronization, the main control device 17
suspends the transfer of the article Pa. After suspending
the transfer of the article Pa in the transfer direction ID
using the injector 71, the main control device 17 transfers
the article Pa in the direction opposite to the transfer di-
rection ID using the injector 71. The main control device
17 transfers the article Pa in the direction opposite to the
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transfer direction ID until the article Pa returns to the po-
sition where the article Pa was located before the driving
of the injector 71 was started. As indicated by State 1
shown in FIG. 9, upon the article Pa returning to the po-
sition where the article Pa was located before the driving
of the injector 71 was started, the main control device 17
stops the driving of the injector 71, and transitions to a
standby state.

[0071] On the other hand, if the transfer speed of the
article Pa is substantially equal to the loading speed VI,
and the transfer of the article Pa by the injector 71 and
the movement of the empty conveyor cell 12a along the
conveyance path 11 are in synchronization, the main
control device 17 performs processing shown in State 3
and the subsequent processing described below.
[0072] Eachofthe plurality of second loading belts 73a
of the second conveyance portion 73 is driven in the
transfer direction ID by the rotational driving force of the
second driving roller 73b that has started driving accord-
ing to the control instruction from the main control device
17, as with the firstloading belt 72a of the first conveyance
portion 72. The main control device 17 rotates the plu-
rality of second loading belts 73a at a constant speed in
order to maintain the transfer speed of the article Pa,
which is transferred by the plurality of second loading
belts 73a in the transfer direction ID, at the loading speed
VI. Each of the plurality of second loading belts 73a of
the second conveyance portion 73 transfers the article
Pa, which has been received from the first loading belt
72a of the first conveyance portion 72, in the transfer
direction ID at a transfer speed that is substantially the
same as the predetermined loading speed VI.

[0073] The main control device 17 instructs to start
driving the cross belt 61 of the empty conveyor cell 12a
when the article Pa is transferred by the second convey-
ance portion 73. The cross belt 61 of the conveyor cell
12a is accelerated in the second conveyance direction
D2 by the rotational driving force of the motor 68 that has
started driving according to the control instruction from
the main control device 17. The main control device 17
accelerates the cross belt 61 until the driving speed of
the cross belt 61 reaches the magnitude of the compo-
nent of the loading speed VI in the second conveyance
direction D2. Upon the driving speed of the cross belt 61
reaching the magnitude of the component of the loading
speed VI in the second conveyance direction D2, the
main control device 17 rotates the cross belt 61 at a con-
stant speed in order to maintain the driving speed of the
cross belt 61.

[0074] Upon the article Pa, which is transferred in the
transfer direction ID by the plurality of second loading
belts 73a, being detected by the fourth optical sensor
74d, the main control device 17 instructs to start driving
the linkage mechanism 81 of the positioning device 15.
The linkage mechanism 81 of the positioning device 15
rotates the driving link 81a in the first rotation direction
DR1 about the rotation shaft 84a using the rotational driv-
ing force of the driving unit 82 that has started driving
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according to the control instruction from the main control
device 17. The contactlink 81c moves in the first transfer
direction D2A along with the rotation of the driving link
81 a, while being maintained in parallel to the first con-
veyance direction D1. The contact link 81c moves the
contact rollers 80a, 80b, and 80c in the first transfer di-
rection D2A while maintaining the common tangent line
of the outer peripheries of the contact rollers 80a, 80b,
and 80c in parallel to the first conveyance direction D1
(State 3 shown in FIG. 11).

[0075] The timing at which the main control device 17
starts driving the linkage mechanism 81 is set to a timing
atwhich the linkage mechanism 81 and the contact mem-
ber 80 are not brought into contact with the articles P
loaded onto the conveyor cell 12 that is located upstream
of and adjacent to the empty conveyor cell 12a and on
the conveyor cell 12 that is located downstream of and
adjacent to the empty conveyor cell 12a. The timing at
which the main control device 17 starts driving the linkage
mechanism 81 is set to, for example, a timing at which
the empty conveyor cell 12a faces the front end portion
(the downstream end portion) of the second conveyance
portion 73 of the injector 71.

[0076] The cell control unit 47 of the empty conveyor
cell 12a draws the article Pa from the injector 71 onto the
load surface A of the cross belt 61 according to the control
instruction from the main control device 17. The position-
ing device 15 moves the contact rollers 80a, 80b, and
80c of the contact member 80 to a position that is verti-
cally above the load surface A of the conveyor cell 12a
and that is close to the center of the load surface A with
respect to the second conveyance direction D2, accord-
ing to the control instruction from the main control device
17 (State 4 shown in FIG. 12).

[0077] The cell control unit 47 of the conveyor cell 12a
decelerates the rotation of the motor 68 after more than
half of the article Pa in terms of the length in the second
conveyance direction D2 is loaded onto the load surface
A, for example, according to the control instruction from
the main control device 17. The cell control unit 47 of the
conveyor cell 12a performs control to decelerate the
cross belt 61 based on the control pattern data corre-
sponding to an article P having a typical weight that has
been stored in the storage unit 48 in advance so that the
article Pa is stopped near the center of the load surface
A with respect to the second conveyance direction D2.
The typical weight of an article P is a predetermined
weight within the range of 2 kg to 20 kg, for example.
[0078] The main control device 17 moves the contact
rollers 80a, 80b, and 80c such that the motor 68 decel-
erates according to a predetermined deceleration curve,
and the article Pa moves along a trajectory that is as-
sumed if the article Pa does not slip on the load surface
Awhile the article Pa decelerates. The main control de-
vice 17 controls the positions of the contact rollers 80a,
80b, and 80c such that the contact rollers 80a, 80b, and
80c are decelerated to stop together with the article Pa,
while at least one of the contact rollers 80a, 80b, and 80c
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being in contact with the article Pa on the load surface
A. The main control device 17 rotates the driving link 81a
in the second rotation direction DR2 about the rotation
shaft 84a using the rotational driving force of the driving
unit 82, thereby moving the contact link 81c in the second
transfer direction D2B. The contact link 81¢c moves the
contact rollers 80a, 80b, and 80c in the second transfer
direction D2B while maintaining the common tangentline
of the outer peripheries of the contact rollers 80a, 80b,
and 80c in parallel to the first conveyance direction D1.
At least one of the contact rollers 80a, 80b, and 80c that
is in contact with the article Pa on the load surface A are
rotated by the frictional force that is generated between
the contact roller and the article P, along with the article
Pa being conveyed in the second transfer direction D2B
and in the first conveyance direction D1 (State 5 shown
in FIG. 13).

[0079] In a situation where at least a portion of the ar-
ticle Pa is supported by the second conveyance portion
73 of the injector 71, the main control device 17 may
decelerate the component of the loading speed VI of the
article Pa in the injector 71 in the second conveyance
direction D2 as with the driving speed of the cross belt 61.
[0080] Upon the article Pa reaching a position near the
center of the load surface A with respect to the second
conveyance direction D2, the main control device 17
stops the cross belt 61 driven by the motor 68 and the
driving link 81a driven by the driving unit 82 (State 6
shown in FIG. 14).

[0081] After stopping the motor 68 and the driving unit
82, the main control device 17 rotates the driving link 81a
in the second rotation direction DR2 about the rotation
shaft 84a using the rotational driving force of the driving
unit 82, thereby retracting the contact member 80 and
the linkage mechanism 81 in the second transfer direc-
tion D2B. The main control device 17 moves the contact
rollers 80a, 80b, and 80c, and the driving link 81a, the
driven link 81b, and the contact link 81c in the second
transfer direction D2B such that they are not brought into
contact with the article P on the conveyor cell 12 that is
located upstream of and adjacent to the conveyor cell
12a (State 7 shown in FIG. 15).

[0082] The main control device 17 selects an appro-
priate classification destination from among the plurality
of chutes 91 that are included in the sorting unit 16, based
on information regarding the article Pa (e.g., the address,
the size, the shape, the weight) obtained from the infor-
mation obtaining unit 13. The main control device 17 con-
veys the conveyor cell 12a, on which the article Pa is
loaded, towards the selected classification destination.
[0083] If the conveyor cell 12 on which the article Pa
is loaded enters the sorting unit 16 that includes the chute
91 that corresponds to the classification destination of
the article Pa, the main control device 17 instructs the
cell control unit 47 of the conveyor cell 12 to discharge
the article Pa to the chute 91. The cell control unit 47 of
the conveyor cell 12 drives the cross belt 61 according
to the control instruction from the main control device 17,
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and discharges the article Pa from the load surface A of
the cross belt 61 to the chute 91.

[0084] Accordingtothe above-described embodiment,
the article sorting apparatus includes the positioning de-
vices 15 that are located opposite the loading device 14
with respect to the conveyance path 11. Therefore, it is
possible to stabilize the position and the orientation of an
article P when the article P is loaded onto a conveyor cell
12 by the loading device 14. The positioning devices 15
each include the contact member 80 whose portion that
is brought into contact with an article P moves in syn-
chronization with the movement of the article P in the first
conveyance direction D1. Therefore, it is possible to ap-
propriately maintain the contact member 80 in the state
of being in contact with the article P on the conveyor cell
12. The positioning devices 15 each include the driving
unit 82 that drives the contact member 80 in the second
conveyance direction D2. Therefore, it is possible to ap-
propriately stop an article P with respect to the second
conveyance direction D2, while bringing the article P,
which is transferred from the loading device 14 to the
conveyor cell 12, into contact with the contact member
80.

[0085] The article sorting apparatus according to the
present embodiment includes the positioning device 15.
Therefore, during the transfer of an article P from the
loading device 14 to a conveyor cell 12, where the article
P can be unstable depending on the center of gravity of
the article P, the shape of the bottom surface of the article
P, and the material of the article P, itis possible to prevent
the article P from falling down or toppling, and stop the
article P in a predetermined orientation at a predeter-
mined position on the load surface A. Even if the weights
of various kinds of articles P to be conveyed are not
known and there is the possibility of the rising edge and
the falling edge of the rotation speed of the motor 68
being steep for a light object and gentle fora heavy object,
it is possible to prevent articles P from stopping at a po-
sition displaced from a predetermined position on the
load surface A. Even if there is the risk of an article P
sliding on the load surface A due to the inertia force being
greater than the frictional force between the article P and
the cross belt 61, for example, when the acceleration and
the deceleration of the cross belt 61 driven by the motor
68 is rapid, it is possible to stabilize the stopping position
of the article P on the load surface A and prevent the
article P from falling down. Even if the height of an article
P in the vertical direction is relatively high compared to
the length of the article P in the second conveyance di-
rection D2, and there is the risk of the article P toppling
due to the moment of inertia during the deceleration of
the cross belt 61, it is possible to prevent the article P
from toppling due to the contact member 80 supporting
the article P.

[0086] The driving unit 82 of the positioning device 15
determines the stopping position of the article Pa on the
load surface A, and also generates deceleration torque
for the article P in cooperation with the motor 68. There-
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fore, it is possible to prevent positional control by the
motor 68 from being complicated, and the required output
of the motor 68 from increasing. The driving unit 82 of
the positioning device 15 omits the necessity for a servo
motor, a high-precision encoder, or the like to realize pre-
cise positional control by the motor 68. It is possible to
use a common DC motor or brushless motor as the motor
68, and to reduce the cost of the motor 68. Since the
output of the motor 68 is reduced, it is possible to reduce
the weight of the conveyor cells 12 and to reduce the
power feed capacity of contactless power feeding to the
motor 68, which leads to high efficiency in the whole ar-
ticle sorting apparatus 10.

[0087] The positioning device 15 is provided for each
oftheinjectors 71, and the number of injectors 71 is small-
er than the number of conveyor cells 12. Therefore, it is
possible to improve the maintainability of the apparatus
compared to the case where a mechanism for controlling
the position of an article P is provided for each of the
plurality of conveyor cells 12.

[0088] The positioning device 15 can precisely deter-
mine the stopping position of an article P on the load
surface A substantially at the same time as the article P
is transferred from the loading device 14 to the corre-
sponding conveyor cell 12, and there is no need for a
sensor or the like that performs optical positional detec-
tion to detect variations in the stopping position of the
article P. There is no need for a centering mechanism or
the like that corrects the stopping position of an article P
according to the result of detection of variation in the stop-
ping position of the article P using an optical sensor or
the like.

[0089] The timing at which the main control device 17
starts driving the linkage mechanism 81 of the positioning
device 15 is set to the timing at which the empty conveyor
cell 12aislocated at a predetermined position. Therefore,
it is possible to prevent the linkage mechanism 81 and
the contact member 80 from being brought into contact
with articles P on conveyor cells 12 that are located up-
stream and downstream of the empty conveyor cell 12a.
[0090] The following describes modifications.

[0091] In the above-described embodiment, the con-
tact member 80 is provided with a plurality of contact
roller that are independent from each other (the first con-
tact roller 80a, the second contact roller 80b, and the
third contact roller 80c). However, the present invention
is not limited to this configuration.

[0092] In the article sorting apparatus 10 according to
a first modification of the embodiment, the contact mem-
ber 80 may be provided with a belt 85, a chain, or the
like that is wound around the outer circumferential sur-
faces of the plurality of contact rollers in order to rotate
the plurality of contact rollers in synchronization. In the
article sorting apparatus 10 according to the first modifi-
cation, as shown in FIG. 16 and FIG. 17, the contact
member 80 is provided with, for example, a belt 85 that
is wound around the outer circumferential surfaces of the
first contact roller 80a and the third contact roller 80c.
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The belt 85 rotates the first contact roller 80a and the
third contact roller 80c in synchronization, and is brought
into surface contact with a side surface of an article P
loaded onto the cross belt 61 of a conveyor cell 12.
[0093] In the above-described embodiment, the con-
tact member 80 is provided with atleast one contactroller
thatis rotated by frictional force that is generated between
the contact roller and an article P when the contact roller
is brought into contact with the article P moving in the
first conveyance direction D1. However, the present in-
vention is not limited to such a configuration.

[0094] In the article sorting apparatus 10 according to
the first modification of the embodiment, the contact
member 80 may be provided with a roller driving unit that
drives to rotate at least one contact roller. In the article
sorting apparatus 10 according to the first modification,
the contact member 80 is provided with a roller driving
unit that includes, for example, a first pulley 86, a second
pulley 87, and a transmission belt 88. The first pulley 86
is fixed to the rotation shaft 84a of the driving link 81a.
The second pulley 87 is fixed to the rotation shaft 83a of
the first contact roller 80a. The transmission belt 88 is
wound around the first pulley 86 and the second pulley
87. The transmission belt 88 transmits the rotational driv-
ing force of the driving unit 82 to the first contact roller
80a at a predetermined reduction ratio corresponding to
the first pulley 86 and the second pulley 87.

[0095] The predetermined reduction ratio is, for exam-
ple, a reduction ratio that substantially equalizes the cir-
cumferential speed of the first contact roller 80a with the
conveyance speed V of an article P in the first convey-
ance direction D1. Consequently, even when an article
P that is in contact with the first contact roller 80a is con-
veyed in the first conveyance direction D1, it is possible
to prevent the rotational resistance of the first contact
roller 80a from acting against the article P, and it is pos-
sible to smoothly convey the article P.

[0096] Note thatthe roller driving unit may transmit the
drive force of a driving unit other than the driving unit 82
to the contact roller.

[0097] Intheabove-described embodiment,thedriving
unit 82 of the positioning device 15 is provided with an
actuator 82a of arotation type, such as a motor. However,
the present invention is not limited to such a configura-
tion.

[0098] In an article sorting apparatus 10 according to
a second modification of the embodiment, the driving unit
82 of the positioning device 15 may be provided with an
actuator 82b of a linear motion type that linearly drives
the contact member 80 in the second conveyance direc-
tion D2. In the article sorting apparatus 10 according to
the second modification, the driving unit 82 of the posi-
tioning device 15 is provided with, for example, the ac-
tuator 82b such as linear synchronous motor. In the ar-
ticle sorting apparatus 10 according to the second mod-
ification, as shown in FIGS. 18 and 19, the contact mem-
ber 80 of the positioning device 15 is provided with at
leastone contactroller, forexample, the first contactroller
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80a, the second contact roller 80b, and the third contact
roller 80c. The linkage mechanism 81 of the positioning
device 15 is provided with a linear motion link 111. The
driving unit 82 of the positioning device 15 is provided
with, for example: a main body frame 117; and a magnet
array 113, an electromagnetic coil 114, and a linear guide
115, which are provided in the main body frame 117.
[0099] The first contact roller 80a, the second contact
roller 80b, and the third contactroller 80c are independent
from each other and are rotatably supported by a front
end portion of the linear motion link 111.

[0100] Thelinearmotionlink 111 isarranged to be free-
ly movable along the linear guide 115 in the second con-
veyance direction D2 (i.e., in the first transfer direction
D2A and the second transfer direction D2B). The magnet
array 113 is located on the linear guide 115. The elec-
tromagnetic coil 114 is located on the linear motion link
111. The magnet array 113 and the electromagnetic coil
114 face each other.

[0101] In the second modification, the driving unit 82
of the positioning device 15 includes the actuator 82b
that is composed of a linear synchronization motor, and
therefore the driving unit 82 can move the contact mem-
ber 80 in the second conveyance direction D2 by per-
forming high-speed and high-precision straight move-
ment. When the conveyor cell 12 moves in the first con-
veyance direction D1, an article Pa moves in the first
conveyance direction D1 while the article Pa is being in
contact with the contact rollers.

[0102] Note thatin the above-described second mod-
ification, the driving unit 82 is not limited to a linear syn-
chronous motor, and may be provided with the actuator
82b of another linear motion type, such as an air actuator
or an electromagnetic solenoid.

[0103] Also, in the above-described second modifica-
tion, the driving unit 82 may be provided with, instead of
the actuator 82b of a linear motion type, the actuator 82a
of arotation type and a link cam mechanism that converts
the rotational driving force of the actuator 82a of a rotation
type into straight motion, for example.

[0104] In the above-described embodiment, the main
control device 17 does not perform selective control that
depends on the size of the article P. However, the posi-
tioning device 15 is not necessarily operated for every
article P.

[0105] For example, a predetermined threshold may
be provided regarding the sizes of the articles P, and the
main control device 17 may perform control to bring the
contact member 80 of the positioning device 15 into con-
tact with an article P when the length of the article P in
the second conveyance direction D2, for example, is
greater than or equal to the predetermined threshold.
[0106] For example, when an article P is large, it is
likely that the article P is a heavy object. When an article
P is a heavy object, the load on the motor 68 during de-
celerationis large, and the effect of the positioning device
15 reducing the load is remarkable. On the other hand,
when the weight of an article P is small compared to its
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size, the contact pressure of the article P and the cross
belt 61 is small, and the article P is likely to slide. There-
fore, in this case, the effect of the positioning device 15
preventing the article P from sliding is remarkable.
[0107] Also, even when the length of an article P in the
second conveyance direction D2 is smaller than the pre-
determined threshold, the main control device 17 may
control the operation of the positioning device 15 if the
size of the article P in the vertical direction is greater than
orequal to a predetermined threshold, in order to prevent
the article P from toppling.

[0108] In the above-described embodiment, the main
control device 17 retracts the contact member 80 and
the linkage mechanism 81 in the second transfer direc-
tion D2B after stopping the motor 68 and the driving unit
82. However, the present invention is not limited to such
a configuration.

[0109] The main control device 17 may omit to retract
the contact member 80 and the linkage mechanism 81
when, for example, no article P is loaded on the adjacent
conveyor cell 12 on the upstream side, or the size of an
article P loaded onto the adjacent conveyor cell 12 on
the upstream side is smaller than a predetermined value.
In the case of omitting to retract the contact member 80
and the linkage mechanism 81, the main control device
17 may place the contact member 80 at a predetermined
position in advance as shown in State 4 in FIG. 12 for
the article P that is to be subsequently transferred from
the injectors 71 to the conveyor cell 12. Consequently,
the main control device 17 can reduce the load on, and
the power consumption of, the driving unit 82.

[0110] In the above-described embodiment, when the
articles P on the conveyor cells 12 located on the front
side and the rear side of the conveyor cell 12a have a
significantly large size in the first conveyance direction
D1 and the second conveyance direction D2, the main
control device 17 may control the positioning device 15
in order to prevent the article Pa from falling down from
the load surface A. When itis difficult to operate the con-
tact member 80 and the linkage mechanism 81 while
avoiding interference with the articles P on the conveyor
cells 12 on the front side and the rear side, the main
control device 17 may position the contact member 80
on an end portion of the load surface A in order to prevent
the article Pa from falling down from the load surface A.
[0111] Inthe above-described embodiment, as shown
in State 6 in FIG. 14, the main control device 17 simul-
taneously stops the motor 68 driving the cross belt 61
and the driving unit 82 driving the driving link 81a. How-
ever, the present invention is not limited to such a con-
figuration.

[0112] For example, the main control device 17 may
correct the orientation of the article Pa by continuously
driving the cross belt 61 using the motor 68 while stopping
the driving unit 82 driving the driving link 81a and holding
the contact member 80 at a fixed position. For example,
the main control device 17 may correct the orientation of
the article Pa that is inclined relative to the first convey-
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ance direction D1 and the second conveyance direction
D2 on the load surface A such that the article Pa will be
parallel to the first conveyance direction D1 and the sec-
ond conveyance direction D2.

[0113] Consequently, the main control device 17 can
prevent the article Pa from being conveyed to the sorting
unit 16 in an inappropriate orientation.

[0114] In the above-described embodiment, a prede-
termined torque limit may be set to the main control de-
vice 17 in order to prevent excessive load from being
applied to the driving unit 82 of the positioning device 15.
Inthe case of bringing the contact member 80 into contact
with the article Pa using the drive force of the driving unit
82, the main control device 17 may stop the driving unit
82 if a torque that is greater than or equal to a predeter-
mined torque limit is applied to the driving unit 82.
[0115] In the above-described embodiment, the
number and the shape of the contact rollers included in
the contact member 80 of the positioning device 15 may
be determined according to the need.

[0116] For example, the contact link 81c of the contact
member 80 may have a great number of contact rollers
such that a flat plane is formed by the outer circumfer-
ential surfaces of the great number of contact rollers.
[0117] The contact link 81c of the contact member 80
may have a single large-diameter contact roller, for ex-
ample.

[0118] In the above-described embodiment, the link-
age mechanism 81 of the positioning device 15 is parallel
links. However the present invention is not limited to this
configuration.

[0119] In the linkage mechanism 81 of the positioning
device 15, the driven link 81b and the contact link 81c,
for example, may be omitted. The positioning device 15
may be configured with: the driving link 81a; the driving
unit 82 that drives to rotate the first end portion 81a1 of
the driving link 81a; and the contact member 80 (e.g., a
single contact roller) that is provided on the second end
portion 81a2 of the driving link 81a, for example.

[0120] Intheabove-described embodiment,thedriving
link 81a, the driven link 81b, and the contact link 81c that
constitute parallel links each has a straight rod shape.
However, the present invention is not limited to such a
configuration.

[0121] Thedrivinglink81a, the drivenlink 81b, the con-
tact link 81c, and the main body frame 81d may each
have a curved shape, depending on the layout of the
surrounding structure, for example. Therefore, it is pos-
sible to form the linkage mechanism 81 in a shape that
is suited to avoid mechanical interference with the sur-
rounding structure, articles P on the conveyor cells 12
on the upstream side and the downstream side of the
conveyor cell 12a, and so on.

[0122] In the above-described embodiment, the con-
veyance path 11 has the configuration shown in FIG. 1.
However, the present invention is not limited to such a
configuration.

[0123] Inamodification of the embodiment, the loading
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device 14, the positioning device 15, and the sorting unit
16 may be located in a single area or a plurality of areas
along the conveyance path 11. The number of curves,
the orientation, and the shape of the conveyance path
11 may be freely determined. Also, the conveyance path
11 may have an ascending slope and a descending slope
as appropriate.

[0124] In the above-described embodiment, the injec-
tors 71 and the positioning devices 15 have a one-to-one
correspondence. However, the injectors 71 and the po-
sitioning devices 15 are not limited to such a configura-
tion. Positioning devices that face particular injectors 71
may be provided instead of the positioning devices 15
that respectively face all the injectors 71.

[0125] In the above-described embodiment, the con-
veyance path 11 and the plurality of conveyor cells 12
are provided with a linear synchronous motor 31. How-
ever, the present invention is not limited to such a con-
figuration, and the conveyance path 11 and the plurality
of conveyor cells 12 may be provided with a linear induc-
tion motor.

[0126] Also, each conveyor cell 12 may be provided
with a driving wheel and a motor that rotates the driving
wheel, instead of the linear synchronous motor 31, and
travel along the conveyance path 11 using the motor as
a driving source for travelling.

[0127] Alternatively, each conveyor cell 12 may be
conveyed along the conveyance path 11 by using a trans-
mission mechanism that mechanically transmits driving
force, instead of the linear synchronous motor 31. For
example, a configuration may be adopted in which the
chassis 51 of the chassis portion 41 has a flat plate that
extends vertically downward, an end portion of the flat
plate is sandwiched between a pair of rollers that are
rotated by a driving motor from both sides in the thickness
direction, and thus driving force in the first conveyance
direction D1 is obtained.

[0128] In the above-described embodiment, the con-
tactless power feeder unit 34 is provided along the entire
length of the conveyance path 11. However, the present
invention is not limited to such a configuration, and the
contactless power feeder unit 34 may be provided along
a portion of the conveyance path 11.

[0129] The contactless power feeder unit 34 may be
provided at least near the loading device 14 and near the
sorting unit 16.

[0130] In the above-described embodiment, adjacent
conveyor cells 12 may be connected by a cable that trans-
mits power fed from the contactless power feeder unit 34
or a control signal.

[0131] Inthe above-described embodiment, each con-
veyor cell 12 may be provided with: an AC/DC converter
that converts alternating current to direct current with re-
spect to power fed from the contactless power feeder
unit 34; a voltage converter that steps up and down volt-
age; an accumulator for rectifying current; and a capac-
itor and a battery for accumulating power, for example.
[0132] In the above-described embodiment, the con-

EP 3 138 792 A1

10

15

20

25

30

35

40

45

50

55

14

26

tactless power feeder unit 34 performs contactless power
feeding from the conveyance path 11 to the conveyor
cells 12 by using electromagnetic induction. However,
the present invention is not limited to such a configura-
tion.

[0133] The contactless power feeder unit 34 may per-
form contactless power feeding from the conveyance
path 11 to the conveyor cells 12 by using radio wave
transmission/reception, magnetic field resonance, or
magnetic field coupling, for example.

[0134] Inthe above-described embodiment, conveyor
cells 12 that are adjacent to each other in the first con-
veyance direction D1 are coupled to each other by their
respective coupling mechanisms 53. However, the
present invention is not limited to such a configuration.
The plurality of conveyor cells 12 may be separated from
one another.

[0135] Inthe above-described embodiment, the motor
68 is a DC motor or a brushless motor. However, the
present invention is not limited to such a configuration.
For example, the motor 68 may be a servo motor, a step-
ping motor, or the like.

[0136] Intheabove-described embodiment,the driving
unit 82 is a servo motor. However, the present invention
is not limited to such a configuration. For example, the
driving unit 82 may be a DC motor, a brushless motor, a
stepping motor, or the like. Also, the driving unit 82 is not
limited to a motor, and may be an electromagnetic sole-
noid.

[0137] Inthe above-described embodiment, the cross
belt mechanism 42 may be provided with a tension ad-
justment mechanism that adjusts the tension of the cross
belt 61 by adjusting the distance between the driving roll-
er 62 and the driven roller 63.

[0138] Alternatively, the cross belt mechanism 42 may
be provided with a tension roller that adjusts the tension
of the cross belt 61, in addition to the driving roller 62 and
the driven roller 63.

[0139] In the above-described embodiment, each of
the chutes 91 of the sorting unit 16 may be provided with
a conveyance unit such as a conveyor belt that operates
to draw an article P discharged from the cross belt 61 of
a conveyor cell 12.

[0140] According tothe above-described embodiment,
the article sorting apparatus includes the positioning de-
vices 15 that are located opposite the loading device 14
with respect to the conveyance path 11. Therefore, it is
possible to stabilize the position and the orientation of an
article P when the article P is loaded onto a conveyor cell
12 by the loading device 14. The positioning devices 15
each include a contact member 80 whose portion that is
brought into contact with an article P moves in synchro-
nization with the movement of the article P in the first
conveyance direction D1. Therefore, it is possible to ap-
propriately maintain the contact member 80 in the state
of being in contact with the article P on the conveyor cell
12. The positioning devices 15 each include the driving
unit 82 that drives the contact member 80 in the second
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conveyance direction D2. Therefore, it is possible to ap-
propriately stop an article P with respect to the second
conveyance direction D2, while bringing the article P,
which is transferred from the loading device 14 to the
conveyor cell 12, into contact with the contact member
80.

[0141] While certain embodiment and modifications
have been described, these embodiment and modifica-
tions have been presented by way of example only, and
are not intended to limit the scope of the inventions.

Claims
1. An article sorting apparatus (10) comprising:

a conveyance path (11);

a conveyor cell (12) configured to move along
the conveyance path (11) in a first conveyance
direction (D1), and to convey an article (P) load-
ed thereon in a second conveyance direction
(D2) that intersects the first conveyance direc-
tion (D1);

a loading device (14) configured to load the ar-
ticle (P) onto the conveyor cell (12);

a positioning device (15) located opposite the
loading device (14) with respect to the convey-
ance path (11), the positioning device (15) in-
cluding: a contact member (80) configured to be
brought into contact with the article (P) loaded
onto the conveyor cell (12) by the loading device
(14), and whose contact portion that comes in
contact with the article (P) being configured to
move in synchronization with movement of the
article (P) in the first conveyance direction (D1);
and a driving unit (82) configured to drive the
contact member (80) in the second conveyance
direction (D2);

a sorting unit (16) configured to receive the ar-
ticle (P) conveyed by the conveyor cell (12); and
a control device (17) configured to control con-
veyance of the article (P) in the second convey-
ance direction (D2) by the conveyor cell (12)
when the loading device (14) has loaded the ar-
ticle (P) onto the conveyor cell (12), and to bring
the contact member (80) into contact with the
article (P) loaded onto the conveyor cell (12) by
driving the contact member (80) in the second
conveyance direction (D2), using the driving unit
(82).

2. The article sorting apparatus (10) according to claim
1,
wherein the contact member (80) includes at least
one roller (80a, 80b, 80c) configured to rotate in syn-
chronization with the movement of the article (P) in
the first conveyance direction (D1).
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The article sorting apparatus (10) according to claim
1or2,

wherein the contact member (80) includes: rollers
(80a, 80c); and a belt (85) wound around outer cir-
cumferential surfaces of the rollers (80a, 80c), and
the belt (85) is configured to move in synchronization
with the movement of the article (P) in the first con-
veyance direction (D1).

The article sorting apparatus (10) according to claim
2 or 3, further comprising:

a roller driving unit (82, 86, 87, 88) configured
to rotate the rollers (80a, 80c).

The article sorting apparatus (10) according to any
one of claims 1 to 4,

wherein the positioning device (15) is provided with
a linkage mechanism (81) that includes: a first end
portion (81a1) having a rotation shaft (84a) extend-
ing in a vertical direction, and a second end portion
(81a2) provided with the contact member (80),
wherein the driving unit (82) includes an actuator of
a rotation type configured to rotate the linkage mech-
anism (81) about the rotation shaft (84a), and
wherein the control device (17) is configured to bring
the contact member (80) into contact with the article
(P) by rotating the linkage mechanism (81) about the
rotation shaft (84a), using the actuator (82a).

The article sorting apparatus (10) according to claim
5, wherein

the linkage mechanism (81) includes afirstlink (81a),
a second link (81b), a third link (81c), and a fourth
link (81d) that constitute parallel links,

a first end portion (81a1) of the first link (81a) has
the rotation shaft (84a) that is rotatably supported by
the forth link (81d), and a second end portion (81a2)
of the first link (81a) is rotatably connected to a first
end portion (81c1) of the third link (81c),

afirst end portion (81b1) of the second link (81b) has
a second rotation shaft (84b) that is rotatably sup-
ported by the fourth link (81d), and a second end
portion (81b2) of the second link (81b) is rotatably
connected to a second end portion (81c2) of the third
link (81c),

the fourth link (81d) sets the rotation shaft (84a) of
thefirstlink (81a) and the second rotation shaft (84b)
of the second link (81b) in parallel to the first con-
veyance direction (D1),

the third link (81c) is provided with the contact mem-
ber (80), and is configured to move in the second
conveyance direction (D2) along with rotation of the
first link (81a), while being maintained in parallel to
the first conveyance direction (D1), and

the control device (17) is configured to bring the con-
tact member (80) into contact with the article (P) by
rotating the first link (81a) about the rotation shaft
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(84a), using the actuator (82a).

The article sorting apparatus (10) according to any
one of claims 1 to 4, wherein

the driving unit (82) is provided with an actuator (82b)
of a linear motion type configured to linearly drive
the contact member (80) in the second conveyance
direction (D2), and

the control device (17) is configured to bring the con-
tact member (80) into contact with the article (P) by
linearly driving the contact member (80) in the sec-
ond conveyance direction (D2), using the actuator
(82b).

The article sorting apparatus (10) according to any
one of claims 1 to 7,

wherein the control device (17) is configured to drive
the contact member (80) in the second conveyance
direction (D2) in synchronization with the movement
of the article (P) conveyed by the conveyor cell (12),
and to thereafter stop the contact member (80) that
is in contact with the article (P).

The article sorting apparatus (10) according to any
one of claims 1 to 8,

wherein the conveyor cell (12) includes: a chassis
portion (41); a cross belt mechanism (42); and a
frame portion (43) configured to fix the chassis por-
tion (41) and the cross belt mechanism (42) to each
other, the chassis portion (41) is configured to move
along the conveyance path (11), the cross belt mech-
anismincludes a cross belt (61) onto which the article
(P) is loaded, and the cross belt (61) moves in the
second conveyance direction (D2).

The article sorting apparatus (10) according to any
one of claims 1 to 9,

wherein the loading device (14) is provided with an
injector (71), the injector (71) includes a first convey-
ance portion (72) and a second conveyance portion
(73) that are arranged along a direction that inter-
sects the first conveyance direction (D1) of the con-
veyance path (11) at a predetermined acute angle,
and one end of the second conveyance portion (73)
faces the conveyance path (11).

The article sorting apparatus (10) according to any
one of claims 1 to 10,

wherein the sorting unit (16) includes a plurality of
chutes (91) arranged along the first conveyance di-
rection (D1) of the conveyance path (11).

10

15

20

25

30

35

40

45

50

55

16

30



EP 3 138 792 A1

I Old

] 30IA3a
Ll TOYLNOD NIVIN

L6 _.m
\m/

<A
/// WEAN

...Vﬁ—---—-—-w

oy

\.
»?
\Nh_--__-_n--_-____-:____ﬁ““n““.x._unuuuu i e e i i m

TR T LI ot T

Hmae

P
91

N\
16 16

1d

2 ¢t g1dal e

A

L

T
l[llllfll-.lllllllll-’l.ﬂ.ﬁdi
s

=P
- -

s

n!ﬂﬂﬂqghl
-

-n-pnq---ulgnj

o

Q
*qlﬁ
vy

N

[t

-awuwﬁo,

\N\

Ko o 90

<

17



EP 3 138 792 A1

Z ol
(02) 902
4/ (0z)e07
Nm , - o
g AL
59 5
ol 19 )
99—+
A m
i
L b

77

€G_VLL ¢€ IE ¥

R L

Y ,

- - [ g—— s s g

R

(02) 902

(02) B0Z

18



EP 3 138 792 A1

¢ oOld

-

(02) 902~

(02) 80Z—]
26

NN N GOV IRV

19



EP 3 138 792 A1

. % H3IALNHD d31NHD
L 16— | 16— |
= dO103rNI dHOL1D3rNI
ﬁ Vil Vil |
I d40I1A3d 40IA3Ad
ONINOILISOd ONINOILISOd
] S ]
A
: 9¢
}
dOSN3S 100 100
1IN3HHND HO1OW AAVANOOD4S ONIg33d AAdVNIAd
d3amod
, 7 G
69 89 -
AVHYY 10D
OILINDVYI DILANOVI
0p— ININVWYAd w_mm_wﬁmw\_ﬂ__ww -0410313
| w8 1€
1INN 1INNNOIL 30IA3d
1INN LINN NOILY
3OVHOLS e VONAITNOS T NoILonIsNI | -OINNINWOO ._OM&/_\_,_OO
A % 7 T 3IANA B/ 7
¥ Ly Ll

20



FIG. 5



EP 3 138 792 A1

/1_0
12 A D D1
N ‘\_ I

./ D2
i
74d1 (74d)
§Dzs~4—
| —""'DZAS
A=
74a2 (74a)
"H—"

FIG. 6

22



EP 3 138 792 A1

D2B -€——

15 81 ‘/80 —3D2A
81a 83a 80a 74b4 (74
84a\<iﬁ\8‘°; %%gj( 65 62 g P
g2—T ' 290 ~,
67
81d—t 68
D1
S A R T
3% 36 20 51 47 |
D2
FIG. 7
80
80a 80b 80c ’///
) ) LT g3
832 83b 81¢2(81¢c)
81¢1 (816) ~p—— [ L R
8122 (812)—"1 7 8§ TT \eib2(@1t) D2
G
\ ; x
80a 80b 80c

FIG. 8

23



EP 3 138 792 A1

(STATE 1)

FIG. 9

24



EP 3 138 792 A1

(STATE 2)

10
/ D DI
=N

74d1 (74d)

(74c) | (74a) S ‘\\

14h2
(74b)

FIG. 10

25



EP 3 138 792 A1

(STATE 3)

\la

FIG. 11

26



EP 3 138 792 A1

(STATE 4)

10 ID D1
£ N
74d1 (74d)

14

FIG. 12

27



EP 3 138 792 A1

(STATE 5)

; /m o, 0
61

74d1 (74d)
13¢

14

D2B<-——
—>D2A

FIG. 13

28



EP 3 138 792 A1

1D DI

(STATE 6)

\la

14
73 /

14c1 (74c)

FIG. 14

29



EP 3 138 792 A1

(STATE 7) 10 ‘\\\J
/// D2 >
ML

74d1 (74d)
13c

14

"n—"

D2B €——
—3D2A

FIG. 15

30



EP 3 138 792 A1

/1_0
12 A ID D1
N /}
{
D2B~<—
—-D2A
A—E=
7422 (T4a)
1—""

FIG. 16

31



EP 3 138 792 A1

'5\ \ / D2B <——
D24

74b4 (74)

FIG. 17

15

N 80

Pa
82 (82) 3a / 61 43 A6 /
~\ 11160 —

114
15— F— 63

32



EP 3 138 792 A1

\la

12a 61
82b(@2) \ ° | 80c ( 7
‘ [

74d1 (74d)
117 14
114ijj} -------- 13 73 ///
111(?};:::"“.3 ‘ | /// 74c1 (T4c)
7 74b1 (74b)
15—/

12—™

FIG. 18

33



10

15

20

25

30

35

40

45

50

55

Européisches
Patentamt
European
Patent Office
Office européen

des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

EP 3 138 792 A1

Application Number

EP 16 18 6298

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE

of relevant passages

to claim

APPLICATION (IPC)

A

GB 2 137 951 A (WILL E C H)

17 October 1984 (1984-10-17)

* abstract *

* page 2, line 113 - page 5, line 30 *
* figure 2 *

DE 197 43 423 Al (WILL E C H GMBH & CO
[DE]) 8 April 1999 (1999-04-08)

* abstract *

* column 2, line 38 - column 3, line 46 *
* figures 1,2,3,5 *

JP S60 232313 A (NIPPON ELECTRIC CO)

19 November 1985 (1985-11-19)

* abstract *

* figure 1 *

US 4 723 650 A (HARTMANN FRANZ [DE] ET AL)
9 February 1988 (1988-02-09)

* the whole document *

EP 0 927 689 Al (SANDVIK AB [SE])

July 1999 (1999-07-07)

abstract *

paragraph [0046] - paragraph [0077] *
figures 1-2 *

* o XN

US 4 295 559 A (NEAL WARREN D ET AL)

20 October 1981 (1981-10-20)

* the whole document *

US 8 616 361 B1 (SHANKARBABU VEERAVANIYAN
[SG] ET AL) 31 December 2013 (2013-12-31)
* the whole document *

The present search report has been drawn up for all claims

1-11

1-11

1,5-7

INV.

B65G47/22
B65G47/53
B65G47/82

TECHNICAL FIELDS
SEARCHED (IPC)

B65G

Place of search Date of completion of the search

The Hague 27 January 2017

Examiner

Palais, Brieux

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

34




EP 3 138 792 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 16 18 6298

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

27-01-2017
Patent document Publication Patent family Publication

cited in search report date member(s) date

GB 2137951 A 17-10-1984 DE 3410287 Al 11-10-1984
GB 2137951 A 17-10-1984
JP H0686244 B2 02-11-1994
JP S$59194931 A 05-11-1984
us 4572350 A 25-02-1986

DE 19743423 Al 08-04-1999  NONE

JP 560232313 A 19-11-1985  NONE

US 4723650 A 09-02-1988 CA 1264480 A 16-01-1990
DD 248046 A5 29-07-1987
DK 234986 A 05-01-1987
IS 3097 A7 08-10-1986
JP H057286 B2 28-01-1993
JP S6227218 A 05-02-1987
NO 862714 A 05-01-1987
SE 464330 B 15-04-1991
us 4723650 A 09-02-1988

EP 0927689 Al 07-07-1999 DE 69815649 D1 24-07-2003
DE 69815649 T2 29-04-2004
EP 0927689 Al 07-07-1999
IT MI972884 Al 29-06-1999
JP H11240610 A 07-09-1999
us 6209703 Bl 03-04-2001

US 4295559 A 20-10-1981 CA 1163280 A 06-03-1984
I 4295559 A 20-10-1981

US 8616361 Bl 31-12-2013  NONE

45

50

55

EPO FORM P0459

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

35




	bibliography
	abstract
	description
	claims
	drawings
	search report

